We describe a new concept in continuously referenced monitoring of the isoenzyme activities of creatine kinase (EC 2.7 
In addition to the previously mentioned localization of isoenzymes in specific tissues, CK is also normally present in serum; of the total, less than 5% is CK-MB (6); the remainder is usually CK-MM. The third isoenzyme, CK-BB, is not normally found in serum (7) , but its detection has been reported in connection with acute brain damage (8), brain damage due to anoxia (9) , renal damage (10), gastrointestinal carcinoma (11) , and cerebrovascular damage (12) . With these documented relationships to damage of various organs and the especially important relationship to myocardial infarction, monitoring of CK isoenzymes in the clinical laboratory has assumed major importance.
In the past, electrophoresis, with subsequent electrochemical, fluorometric, or microcalorimetric detection, has been the method most commonly used for CK isoenzymes (13) (14) (15) (16) (17) (18) . This method, however, is highly operator-dependent, time-consuming, semiquantitative, and insensitive to low enzyme activities (19) .
Many isoenzymes, including the isoenzymes of CK (13, 14, (19) (20) (21) (22) (23) (24) , LD (25) (26) (27) (28) (29) , acid phosphatase (30) , and arylsulfatase (31), have been successfully separated by ion-exchange column chromatography.
Results are obtained more rapidly than by electrophoresis, and direct quantitation of enzyme activity in column eluates is possible. Although column chromatography can yield excellent isoenzyme separation, it is not foolproof, as evidenced by recent critical comments concerning various commercial adaptations of chromatographic methods for the separation of CK isoenzymes (32, 33). This criticism has centered around the apparent poor resolution resulting from the collection of only a minimum number of eluate fractions.
Column chromatography, as it is currently practiced for isoenzyme separations in authentic serum samples, requires the collection of fractions and the individual assay of these fractions by some kinetic method. Frequently, dilution of the sample by the eluent causes problems of sensitivity, and the number of fractions obtained will affect, to some extent, the degree of apparent peak overlap. Continuous, on-line monitoring of enzyme activities in the column effluent would save time and improve the resolution between isoenzymes. and injected without further preparation. Sera from patients referred for CK isoenzyme determination were assayed for CK isoenzymes by electrophoresis on agarose gel, and auquots were frozen for later analysis in our laboratory.
Materials and Methods

Samples
Reagents
The substrate and cofactors-creatine phosphate, ADP, NADP, AMP, imidazole, and N-acetyl-L-cysteme-were all obtained from Sigma, as were the two indicator enzymes, co-immobilized on agarose beads. The two other substrates used in this study were Mg acetate ( 19454) located between the stream-splitter and the reference cell. After each run, the system was thoroughly flushed with the dilute buffer for about 10 minutes, while the effluent was being monitored with the conductivity meter.
Isoenzyme Analysis
The detection system is based on the enzymic conversion of a reagent mixture by CK isoenzymes to in- 
Results and Discussion
Originally, the separation medium chosen for studies of isoenzyme separations was DEAE-Glycophase/ Figure 1 .
The initial selection of analytical column dimensions was determined by injecting 72-Ml (external loop) samples of partly purified CK isoenzymes and following the degree of separations on various columns by use of single-beam detection of fluorescence or absorbance. With these samples, three chromatographic peaks were detected by their fluorescence. However, it was noted that, with human control serum (Worthington Statzyme Control), three peaks were also observed without the addition of reagents (38) (see Figure 2) . These endogenous, fluorescent constituents of serum elute with or near the CK isoenzymes. Although not as intense as the background fluroescence, this phenomenon (three peaks) was also noted with ultraviolet absorbance detection when reconstituted commercial (Statzyme) serum was injected without reagents and the eluate was monitored by use of a static solution of dilute buffer in the reference beam. With sera having CK activities only slightly above the normal range, two endogenous peaks were obtained, as shown in Figure 3B . Figure 3C Once analytical separation of the CK isoenzymes was effected, we concentrated our efforts on the optimization of such a continuously referenced, on-line ultraviolet-monitoring system. The first attempt involved locating the microreactor column directly between the reference and sample compartments, in series. This configuration was based on the assumption that the short delay between cells would be small relative to peak width, enabling electronic compensation. However, because derivative-type chromatograms were obtained, which would require sophisticated electronic compensation, the alternative split-stream configuration (Figure 1) was chosen, thus utilizing a system that could be adapted to any commercial or component system. With this mode, it is quite simple to split the flow evenly with a T-splitter before the sample (and microreactor) and reference cells. Two channels of the peristaltic pump were used to pull the combined flow of column effluent plus reagent feed through both sample and reference cells at equivalent rates. Figure 3B illustrates a comparison of serum blanks (no substrate added) run with the split-stream and the static-reference system. As illustrated, even with 8-M' flow cells, the background absorbance has been well blanked. Figure 3C illustrates the same patient's serum with reagents added and use of the split-stream configuration. Tailing after the last chromatographic peak was noted with CK Isotrol standards as well as patient sera (see Figures 4 and 5 , respectively). Because we did not see this phenomenon in serum blanks, we examined reagent blanks (no sample, but with the normal step-gradient present). As shown in Figure 3A , the absorbance of the reagent blank decreases in proportion to increases in the salt concentration of the eluent. To observe this inverse relationship, it was necessary for reagents and step-gradient With the present system, efficient isoenzyme separations have been made on a very small (4 X 70 mm) 
